Practical synthetic routes for the preparation of 1-(7-chlorobenzothiazol-2-yl)-1-methylethylamine (VII), a key intermediate of the barnyardgrass-controlling herbicide, 3-[[ 1-(7-chlorobenzothiazol-2-yl)-1-methyl]ethyl]-2, 3-dihydro-6-methyl-5-phenyl-4H-1, 3-oxazin-4-one (MI-3069), were investigated. As the result, the intermediate VII was prepared in an excellent overall yield by cyclization of 2-amino-2methylpropionitrile with 2-amino-6-chlorothiophenol, which was synthesized by hydrogenation of 2nitro-6-chlorothiophenol derived from 2, 3-dichloronitrobenzene. This practical route consisted of shorter steps with relatively cheaper reactants than the reported method.
INTRODUCTION
During the investigation of a series of compounds exhibiting highly herbicidal activity to barnyardgrass (Echinochloa oryzicola), two herbicidal compounds were found out; 1-[[ 1 -(benzothiazol-2-yl)-1 -methyl] ethyl] -4methyl-3-phenyl-5 H-pyrrolin-2-one (MI-2826) and 3-[ [ 1-(7-chlorobenzothiazol-2-yl)-1-methyl] ethyl] -2, 3dihydro-6-methyl-5-phenyl-4H-1, 3-oxazin-4-one (MI-3069). 1 The predominant characteristics were their long-lasted residual effect to barnyardgrass in paddy field. In particular, the latter compound showed greater safety to rice than the former and became a candidate for commercial development. Therefore, the industrial production of MI-3069 required an efficient and practical synthetic method for the key intermediate, 1-(7chlorobenzothiazol-2-yl)-1-methylethylamine (VII).
In general, benzothiazole derivatives are synthesized by three methods; (1) Cyclization of o-aminothiophenols with carboxylic acids, nitriles, or acid chlorides etc. 2 (2) Oxidation of thioanilides and arylthiourethanes. (3) Cyclization of o-thiocyanato anilines. 3 Among them, we focused on the reaction of oaminothiophenols with nitrile derivatives such as malononitrile, 2-methyl-2-nitroproionitrile and 2-amino-2-methylpropionitrile.
Although 2-methyl-2-nitropropionitrile has a sterically hindered cyano group, cyclization of this compound with 2-amino-6chlorothiophenol gave a good result, because the cyano group was thought to be activated by the nitro group. Furthermore, it was found that 2-amino-2methylpropionitrile having a less reactive cyano group also reacted with 2-chloro-6-aminothiophenol to afford the desired product in an excellent yield with shorter reaction steps than the previous ones.
This report describes the development of practical synthetic route for the key compound VII, leading to more industrial and efficient methods than the reported method. 4 MATERIALS AND METHODS
Instrumental Analysis
1H NMR spectra were recorded on a JEOL PMX-60 spectrometer (60 MHz) apparatus in CDC13 using tetramethylsilane as an internal standard. Melting points were measured on a Yanaco Model MP apparatus and uncorrected.
Preparation of Materials
General synthetic schemes are shown in Fig. 2 . The typical synthetic procedures are described below. 2. 1 Synthesis of 1 -(7-chlorobenzoth iazol-2-yl)-1-methylethylamine (VII) through 2-(7 chlorobenzothiazol-2 yl)-2-methylpropionamide (VI) (Route-1) 2. 1. 1 2-Chloro-6-nitrothiophenol (II) 2. 1. 1. 1 Sodium (2. 88 g, 125 mmol) was carefully added to absolute ethanol (50 ml) and the solution was stirred until it became homogeneous. The solution was saturated with hydrogen sulfide gas and then heated to 60°C. An absolute ethanol (50 ml) solution of 2, 3dichloronitrobenzene (I) (20 g, 104 mmol) was added dropwise to the solution over 20 min. After evaporation of the solvent, water (100 ml) and toluene (100 ml) were added and the solution was extracted with 10% aqueous NaOH solution. The combined extract was cooled to below 10°C and adjusted to pH 5 by addition of acetic acid (20 ml). The solution was extracted with dichloromethane, and the combined extract was washed with brine and dried over anhydrous sodium sulfate. After filtration, the organic solvent was removed under reduced pressure to give 11. 3 The catalyst was separated by filtration and the filtrate was condensed under reduced pressure to give orange crystals which were purified by silica gel column chromatography eluting with a mixture of dichloromethane and ethyl acetate (9 : 1 v/v), affording 2. 01 g of the product IV. Yield 86%. 2. 1. 3 2-(7-Chlorobenzothiazol-2-yl)-2-methylpropionitrile (V) 2-(7-Chlorobenzothiazol-2-yl)acetonitrile (IV) (16. 3 g, 78. 0 mmol) in dry THE (100 ml) was added to the suspension of 60% NaH (6. 87 g, 172 mmol) in dry THE (200 ml) below 10°C with stirring. After addition, the solution was heated to 60°C for 1 hr and cooled to below -l0°C. Iodomethane (26. 6 g, 187 mmol) was added and the solution was stirred at room temperature for two days. The solution was carefully poured into ice-water and extracted with ethyl acetate. The combined organic extract was washed with brine and dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo. The residue was purified by silica gel column chromatography with dichloromethane as eluent to give brown crystals (17. 7 g). mp 69-71 °C. Yield 96%.
1H NMR (CDC1 3, TMS) S ppm: 1. 97 (6H, s, CM, ), 7. 30-7. 68 (2H, m, aromatic), 7. 95 (1 H, dd, J=4 Hz, 6 Hz). 2. 1. 4 2-(7 Chlorobenzothiazol-2-yl)-2-methylpropionamide (VI) 2. 1. 4. 1 A 90% formic acid (340 ml) solution of 2-(7chlorobenzothiazol-2-yl)-2-methylpropionitrile (V) (221 g, 935 mmol) was heated to 60°C and hydrogen chloride gas was bubbled into the solution for 2 hr. After cooling, the solution was poured into 1 l of ice-water and brown crystals deposited were filtered off and washed with water and hexane followed by recrystallization from ethanol, affording 91 g of pale brown crystals. The filtrate was condensed to give solids which were purified by column chromatography eluted with a mixture of dichloromethane and ethyl acetate (1: 1 v/v) affording 23 g of pale brown crystals. The total amount of the product was 114 g. Yield 48%.
1H NMR (CDC1 3, TMS) r ppm: 1. 75 (6H, s, C(CH3)2 CONH2), 5. 50-7. 23 (2H, broad s, CONH2), 7. 18-7. 47 (2H, m, aromatic), 7. 85 (1 H, dd, J -5 Hz, 6 Hz, aromatic). 2. 1. 4. 2 A 97% sulfuric acid (20 ml) solution of 2-(7chlorobenzothiazol-2-yl)-2-methylpropionitrile (V) (2. 0 g, 8. 45 mmol) was stirred at room temperature for 2 hr. The solution was carefully poured into ice-water. The crystals formed were filtered off by suction, washed with water several times and dried at 60°C under reduced pressure to give 2. 0 g of the product. Yield 93%. 2. 1. 4. 3 2-Chloro-6-nitrothiophenol (II) (1. 30 g, 6. 86 mmol) was hydrogenated over platinum (IV) oxide hydrate (100 mg) as a catalyst in acetic acid for two days. 2-Cyano-2-methylpropionamide (700 mg, 6. 25 mmol) was added and the solution was heated under reflux for 10 hr. After cooling, the resulting solution was poured into water, extracted with ethyl acetate and the extract was dried over anhydrous sodium sulfate. After filtration, the solvent was removed under reduced pressure to give green oil, which was purified by silica gel column chromatography eluted with a mixture of ethyl acetate and dichloromethane (2 : 8 v/v), giving 440 mg of pale gray solids. Yield 25%. 2. 1. 5 1-(7 Chlorobenzothiazol-2 yl)-1-methylethylamine (VII) To an aqueous solution of sodium hypobromite (270 ml, 1 mol) was added 2-(7-Chlorobenzothiazol-2-yl)-2-methylpropionamide (VI) (42 g, 16. 5 mmol) at 0°C. The solution was stirred at room temperature for 1 hr and then stirred at 60°C for 2 hr. After cooling to room temperature, the solution was extracted with dichloromethane. The extract combined was washed with water and dried over anhydrous sodium sulfate. After filtration, the organic solvent was removed under reduced pressure. The residue was purified by silica gel column chromatography with a mixture of dichloromethane and ethyl acetate (1 : 1 v/v) as eluent to give 31. 3 
An acetic acid (20 ml) solution of 2-chloro-6nitrothiophenol (II) (1. 91 g, 10 mmol) was hydrogenated over platinum (IV) oxide hydrate (50 mg) at room temperature overnight. 2-Methyl-2-nitropropionitrile (VIII) (0. 96 g, 8. 42 mmol) was added and the solution was heated at 100-110°C for 10 hr under the atmosphere of nitrogen. After cooling, the mixture was poured into water and extracted with ethyl acetate. After washing with water, the extract was dried over anhydrous sodium sulfate. After filtration, the solvent was removed in vacuo. The residue was purified by silica gel column chromatography eluted with toluene, affording 1. 88 g of colorless crystals. mp 69-71 °C. Yield 87%.
' -(7-chlorobenzothiazol-2-yl)-1-methylethyl] hydroxylamine (X) (450 mg, 1. 86 mmol), ammonium chloride (1. 32 g, 24. 6 mmol), methanol (15 ml) and water (15 ml) was added reduced iron (820 mg, 14. 7 mmol), and the solution was heated under reflux for 4 hr. After cooling to room temperature, the mixture was filtered through celite followed by washing with dichloromethane. The filtrates combined were extracted with dichloromethane. The extract was dried over anhydrous sodium sulfate. After filtration, the solvent was removed under reduced pressure. The residue obtained was purified by silica gel column chromatography with a mixture of dichloromethane and ethyl acetate (8 : 2 v/v) as eluent to give 166 mg of oil. Yield 40%. 2. 2. 4 1-(7 Chlorobenzothiazol-2 yl)-1-methylethylamine (VII) To a mixture of 2-(7-chlorobenzothiazol-2-yl)-2-nitropropane (IX) (900 mg, 3. 39 mmol), methanol (40 ml), water (40 ml) and ammonium chloride (2. 4 g, 44. 9 mmol) was added reduced iron (1. 49 g, 26. 7 mmol) with stirring and the solution was heated under reflux for 3 hr. The reaction mixture was cooled to room temperature and filtered through celite which was washed with dichloromethane several times. The filtrates combined were extracted with dichloromethane and the organic solution was dried over anhydrous sodium sulfate. After filtration, the solvent was removed under reduced pressure to give 780 mg of compound VII. Yield 90%. 2. 3 Synthesis of 1-(7-chlorobenzothiazol-2-yl)-1methylethylamine (VII) with a shortest step (Route-3) 2-Chloro-6-nitrothiophenol (II) (3 g, 15. 8 mmol) was hydrogenated over platinum (IV) oxide hydrate (40 mg) as a catalyst in acetic acid (50 ml) at room temperature overnight. After removing the catalyst, 2-amino-2methylpropionitrile (XI) (1. 33 g, 15. 8 mmol) was added to the filtrate and the solution was stirred at room temperature overnight. After completion of the reaction, the resulting mixture was carefully poured into aqueous sodium bicarbonate solution and extracted with ethyl acetate. The extract was washed with water and dried over anhydrous sodium sulfate. After filtration, the solvent was removed under reduced pressure. The residue was purified by silica gel column chromatography with a mixture of dichloromethane and ethyl acetate (1: 1 v/v) as eluent to give 3. 3 g of oil. Yield 92%.
RESULTS AND DISCUSSION
1. Synthesis of 1-(7-Chlorobenzothiazol-2-yl)-1-Methylethylamine (VII) through 2-(7 Chlorobenzothiazol-2 yl)-2-Methylpropionamide (VI) (Route-1) Since 2-amino-4-chlorothiophenol was directly synthesized by the reduction of bis(4-chloro-2nitrophenyl) disulfide, "6 we planned to synthesize our desired isomer, 2-amino-6-chlorothiophenol (III), by the reduction of bis(2-chloro-6-nitrophenyl) disulfide. Unfortunately, the starting material, bis(2-chloro-6nitrophenyl) disulfide, could not be prepared by the reaction of 2, 3-dichloronitrobenzene with several reagents such as Na2S203/I2/H20 or Na2S/S/H2O, presumably due to the steric hindrance of the chlorine atom. Then our focus was turned to the stepwise synthesis of 2-amino-6-chlorothiophenol (III) via a different intermediate, 2-chloro-6-nitrothiophenol (II), which was considered to be easily prepared from 2, 3-dichloronitrobenzene (I). However, several attempts with reagents such as sodium thiosulfate, thiourea, and sodium N, Ndimethyldithiocarbamate were unsuccessful as shown in Table 1 . On the other hand, it was also reported that 2-chloro-6-nitrothiophenol (II) could be prepared by adding 2, 3-dichloronitrobenzene (I) to the solution of sodium hydrogen sulfide at room temperature. ''8 When the reaction was actually carried out, an explosive initiation occurred at the beginning of the reaction. Such a dangerous reaction can not be applied to large scale production. Although dropwise addition of I into the pre-heated solution of sodium hydrogen sulfide was able to avoid the explosive initiation and the reaction proceeded smoothly to give the desired compound II ( Step-a), the yield (57%) was not sufficient and the possibility of the explosive reaction was not completely eliminated when the reaction scale was practically increased.
Furthermore, it was reported that 2-chloro-6nitrothiophenol (II) was obtained in 70% yield by reacting 2, 3-dichloronitrobenzene with sodium sulfide in DMSO9 and also obtained in 80% yield in a mixed solvent of 2-butanone and carbon disulfide. 10 Although these solvents are relatively expensive or highly toxic, these reports encouraged us to investigate the reaction in other solvents suitable for the industrial process.
As the results, it was found that DMF was a good solvent for this reaction because it was more economical than DMSO and the yield was quantitative.
On the other hand, when water was used as the solvent, 2, 3dichloroaniline was obtained instead of II, owing to the faster reduction of the nitro group than the substitution of the chlorine atom by sodium sulfide. Moreover, in the case of acetone, the desired product was not obtained at all.
Steps-b and c consisted of reduction of II to 2-amino-6chlorothiophenol (III), which seemed to be a little bit unstable in atomospheric oxygen, followed by cyclic condensation of III with malononitrile without isolation of III to give 2-(7-chlorobenzothiazol-2-yl)acetonitrile (IV). When sodium hydrosulfite was used as a reducing agent under various conditions, the overall yields of IV were poor (16-45%) as shown in Table 2 (Runs 1 to 4). Reductions with reduced iron and zinc resulted in moderate total yields (both 71%). In the case of reduction with zinc, hydrogen sulfide gas should be bubbled into the resulting solution to dissociate zinc from the III-Zn complex, forming a viscous emulsion due to the precipitation of zinc sulfide, and the filtration of the emulsion through celite took a long time, leading to the decomposition of 2-amino-6-chlorothiophenol.
In the case of reduction with iron, use of the excess amount of iron and removal of ferric oxide formed were not suitable for industrial purpose. Therefore, these reactions were unsatisfactory in spite of the improvement of the overall yield of IV.
Next, the reduction of compound II was investigated with hydrogen gas in the presence of transition metal catalysts such as 5% palladium on activated carbon, 50% Raney nickel, 5% palladium on barium sulfate and platinum (IV) oxide hydrate, although these metal catalysts might be deactivated by the starting material II. In these cases, the work-up procedure was considered to be much simpler than that of the reduction with reducing agents such as zinc, iron and sodium hydrosulfite.
The reduction of II with 5% palladium on activated carbon as a catalyst in methanol under reflux gave bis(2-amino-6-chlorophenyl) disulfide which was formed by dimerization of compound III accelerated by the catalyst as shown in Table 2 (Run 8). The reaction with 50% Raney nickel in ethanol at room temperature did not proceed owing to the deactivation of the catalyst (Run 9), Table 1 Synthesis of 2-chloro-6-nitrothiophenol (II).
I II Table 2 Reduction of 2-chloro-6-nitrothiophenol (II), followed by reacting with malononitrile. Table 3 Dimethylation of 2-(7-chlorobenzothiazol-2-yl) acetonitrile (IV).
Iv V while the reduction with platinum (IV) oxide hydrate proceeded smoothly in methanol at room temperature to give compound IV in 86% overall yield (Run 11). Regarding
Step-d, the reaction conditions of dimethylation were studied by changing the alkylating reagent and the base as shown in Table 3 . Several reactions under various conditions were studied and 2-(7chlorobenzothiazol-2-yl)-2-methylpropionitrile (V) was prepared using two equivalents of iodomethane and sodium hydride in dry THF, giving the highest yield of 96% (Run 4). On the other hand, when iodomethane was changed to cheap bromomethane, the yields dropped to 67-77% owing to its low reactivity (Runs-5 and -6). Use of dimethylsulfate instead of iodomethane was not successful (Run 7) and the reaction with iodomethane in aqueous sodium hydroxide solution resulted in poor yield (Run 1).
At
Step-e, compound V was hydrolyzed in formic acid by bubbling hydrogen chloride gas into the solution at 60°C, giving 2-(7-chlorobenzothiazol-2-yl)-2-methylpropionamide (VI) in 48% yield. Other acidic conditions were also investigated. It was found that the reaction in sulfuric acid proceeded smoothly at ambient temperature and the work-up procedure was much more simple than that of hydrolysis with hydrogen chloride in formic acid. The concentration of sulfuric acid was important for this reaction, and compound VI was hardly hydrolyzed in 80% sulfuric acid at 75°C. However, a dramatic improvement was attained by using 97% sulfuric acid even at room temperature for 2 hr to give the desired product in 93% yield.
Step-f, 1-(7-chlorobenzothiazol-2-yl)-1-methylethylamine (VII) was obtained in 84% yield by the Hof mann reaction of compound VI. In this reaction, sodium hypobromite was generated in situ by the addition of bromine into a cold sodium hydroxide solution. Unfortunately, instead of sodium hypobromite, more economical sodium hypochlorite could not be used because it did not react with VI at ambient temperature and heating at higher temperature gave gummy product.
2. Synthesis of 1-(7 Chlorobenzothiazol-2 yl)-1-Methylethylamine (VII) through 2-(7 Chlorobenzothiazol 2 yl)-2-Nitropropane (IX) (Route-2) Although we attained several improvements in each step of Route-l, this method actually consisted of five steps and gave the moderate overall yield (64%). Furthermore, at Step-d, sodium hydride was found to be the best reagent, but it is expensive and much more care should be paid in the work-up procedure in the large scale production because of its high reactivity to water. Therefore, some disadvantages for the large scale production of 1-(7-chlorobenzothiazol-2-yl)-1-methylethylamine (VII) still remained and further improvements should be done. In order to overcome these disadvantages, we examined other routes (Routes-2 and -3) for the large scale preparation of VII.
The most striking difference in Route-2 was that 2-(7chlorobenzothiazol-2-yl)-2-nitropropane (IX) was synthesized from 2-amino-6-chlorothiophenol (III) and 2-methyl-2-nitropropionitrile (VIII), of which cyano group was activated by the powerful electronwithdrawing nitro group and easily cyclized with compound III to give IX in 87% yield in spite of the steric hindrance by the two geminal methyl groups.
With regard to the next step, the reduction of the nitro group of IX, it was thought that the reaction could readily be carried out under hydrogen atmosphere in the presence of platinum (IV) oxide hydrate as a catalyst. However, when compound IX was hydrogenated in methanol at room temperature, hydroxylamine X was formed in 73% yield (Step-h). Although X was converted to VII with reduced iron and ammonium chloride in aqueous methanol under reflux (Step-i), the overall yield for these two steps was only 29%. Then, reduced iron with ammonium chloride was used for the reduction of the nitro group, with the consequence that the direct conversion to VII was successful by reducing IX in aqueous methanol under reflux and the desired compound VII was obtained in 98% yield (Step-j).
Synthesis
of 1-(7-Chlorobenzothiazol-2-yl)-1-Methylethylamine (VII) with a Shortest Step (Route-3) According to the method in Route-2, the key intermediate VII was obtained with two steps less than the method shown in Route-1, leading to an improvement of the overall yield (78%). The method in Route-2 was considered to be more practical for the economical production of compound VII, to be sure, but, if possible, the use of reduced iron at Step -j should be avoided. Therefore, more practical method was required to get compound VII easily.
The reagent VIII used at Step-g had the cyano group activated by the geminal nitro group. On the other hand, 2-cyano-2-methylpropionamide, which possessed a cyano group less active than that of compound VIII, also cyclized with 2-amino-6-chlorothiophenol in acetic acid to give 2-(7-chlorobenzothiazol-2-yl)-2-methylpropionamide even though the yield was poor (25%). These findings suggested that such sterically hindered cyano group was not always necessary to be activated by the strong electron-withdrawing group for the formation of benzothiazole ring. On the basis of this speculation, the condensation of III with 2-amino-2-methylpropionitrile (XI), which was readily prepared from acetone, ammonium chloride and sodium cyanide, was investigated in acetic acid. Surprisingly, it was found that this reaction proceeded at room temperature to give VII in excellent yield of 92%. Consequently, the method of Route-3 was the shortest procedure with further one step less than that of Route-2 for the synthesis of compound VII in excellent overall yield of 92% from II.
In conclusion, we succeeded in developing the best synthetic route for preparing the important intermediate VII for the production of herbicidal compound MI-3069.
